Abstract: Information on the different spoligotype families of Mycobacterium tuberculosis in Tanzania is limited, and where available, restricted to small geographical areas. This article describes the genetic profile of M. tuberculosis across Tanzania and suggests how spoligotype families might affect drug resistance and treatment outcomes for smear positive pulmonary tuberculosis patients in Tanzania. We conducted the study from 2006 to 2008, and the isolates were obtained from samples collected under the routine drug resistance surveillance system. The isolates were from specimens collected from 2001 to 2007, and stored at the Central and Reference Tuberculosis Laboratory. A total of 487 isolates from 23 regions in the country were spoligotyped. We were able to retrieve clinical information for 446 isolates only. Out of the 487 isolates spoligotyped, 195(40.0%) belonged to the Central Asian (CAS) family, 84 (17.5%) to the Latin American Mediterranean (LAM) family, 49 (10.1%) to the East-African Indian (EAI) family, and 33 (6.8%) to the Beijing family. Other isolates included 1 (0.2%) for H37Rv, 10 (2.1%) for Haarlem, 4 (0.8%) for S family, 58 (11.9%) for T family and 52 (10.7%) for unclassified. No spoligotype patterns were consistent with M. bovis. Regarding treatment outcomes, the cure rate was 80% with no significant variation among the spoligotype families. The overall level of MDR TB was 2.5% (3/121), with no significant difference among the spoligotype families. All Beijing strains (11.8%, 30/254) originated from the Eastern and Southern zones of the country, of which 80% were from Dar es Salaam.
Introduction
Tuberculosis (TB) is a major public health problem and leading cause of human deaths worldwide (WHO, 2008) . In Tanzania, the notification of TB cases has increased dramatically from about 10 000 cases in 1979 to 64,267 in 2011 64,267 in (NTLP annual reports, 1980 64,267 in -2011 . Information on the different M. tuberculosis spoligotype families is limited, and, where available, is restricted to small geographical areas of the country (Eldholm et al., 2006; Kibiki et al., 2007) .
Different M. tuberculosis strains have distinctive epidemiological and clinical characteristics, with virulence, and clinical presentation, appearing to be strain dependent (Lopez et al., 2003) .
Recent findings indicate that different strains of M. tuberculosis have adapted to specific human populations and such strains have a higher probability of transmission in these communities than others (Gagneux et al., 2006; Gagneux & Small, 2007; Hanekom et al., 2008) . The Beijing family is thought to be hyper-virulent and to have high probability for developing drug resistance . Some M. tuberculosis strains are noted for their wide dissemination and acquisition of drug resistance (Glynn et al., 2002) . As a result, there has been increased recent attention paid to M. tuberculosis strain identification.
This study presents data on the patterns of strain variation of M. tuberculosis in human pulmonary cases in Tanzania, their resistance patterns and treatment outcomes, with the aim of improving our understanding of the epidemiology and management of tuberculosis, particularly with respect to monitoring molecular epidemiological trends and strengthening management and control policy for communities in different parts of the country. It is envisaged that this information will guide direction for future research and highlight recommendations for improvement or assurance of the management for tuberculosis, and thus contribute to control of TB in the country. This study also extends the baseline molecular epidemiological data for Tanzania.
Materials and Methods

Study setting and design
Source of Isolates:
Isolates were obtained from the existing health facility system for routine surveillance of TB drug resistance in Tanzania. The National Tuberculosis and Leprosy Program (NTLP) runs the surveillance system in collaboration with the National Institute for Medical Research, and covers health facilities in all regions of the country. The system comprises about 700 local facilities for routine TB diagnosis using smear microscopy, with 25% of sputum samples from new smear positive pulmonary tuberculosis cases and from all re-treatment cases submitted to zonal laboratories for culture, on annual basis. To collect the 25% of the samples from all new smearpositive cases, each region is assigned four months in a year, and each diagnostic laboratory, under coordination of District Tuberculosis Coordinators (DTLCs) and Regional Tuberculosis Coordinators (RTLCs) in the region, submits sputum samples to the nearest zonal reference laboratory for culture.
The zonal reference laboratory included Central Tuberculosis Reference Laboratory (CTRL) in Dar es Salaam (serving the Eastern and Southern zone), Bugando Medical Centre (BMC) in Mwanza (serving the Lake zone), and Kilimanjaro Christian Medical Centre (KCMC) in Moshi (serving the Northern zone). The two zonal laboratories, the BMC and KCMC, send isolates to CTRL for drug susceptibility testing (DST). The CTRL also serves as a central reference laboratory for the country and is the only laboratory that is capable of performing drug susceptibility testing. The CTRL undergoes proficiency testing and external quality assessment by sending strains to a supranational laboratory at the Institute of Tropical Medicine in Belgium.
Study inclusion and exclusion criteria
The study inclusion criteria were based on old culture stocks, each correlating to individual patient and originated from specimens brought to the CTRL for routine TB drug surveillance, during the period 2001 to 2007. The exclusion criteria were based on subculture results and these included culture negative and contamination. Isolates that did not have information on drug resistance and treatment outcomes were further excluded during respective analysis.
Culture and drug resistance testing
A total of 1450 culture stocks were received from the reference laboratories and sub-cultured at CTRL. Out of the total culture stocks, 87% originated from the specimens collected from [2005] [2006] . A total of 154 culture stocks were from the Northern Zone, 279 were from the Lake Zone, and 1017 were from Southern and Eastern zone. The culturing process was carried out using three slopes of Lowenstein Jensen (LJ) media, containing 0.6% pyruvate in the first slope, 0.75% glycerol in the second slope, and 500g/ml 4 Para-nitrobenzoic acid in the third slope; and then incubated at 37 o C. A culture slope was considered negative when no colonies were seen after 12 weeks. Of 1450 old culture stocks processed for sub-culturing, 582 were culture positive, 362 were negative and 506 were culture contaminated.
Drug susceptibility testing (DST) at CTRL is routinely carried out using the proportion method with the following drug concentrations: 0.2g/ml and 1.0g/ml for isoniazid, 40g/ml for rifampicin, 5 g/ml for dihydrostreptomycin sulphate and 2 g/ml for ethambutol. The control media without drugs are prepared at the same time as the drug-containing media, following the WHO guidelines (Aziz et al., 2003) . Multi-drug resistance was defined according to standard criteria of resistance to at least isoniazid and rifampicin (Aziz et al., 2003) .
Spoligotyping and Sequencing
Heat-killed isolates were sent to Stellenbosch University, South Africa where DNA was extracted using a standardised protocol . Ninety-five culture isolates were unsuitable for DNA extraction and therefore they were not genotyped. Four hundred and eighty seven culturepositive isolates were genotyped, using an internationally standardised method for spoligotyping (Kamerbeck et al., 1997; Demay, 2012) . Isolates were classified into strain families of the M. tuberculosis complex according to their spoligotype signature. Ten isolates, which failed to give a spoligotype, were speciated by sequencing of the 16S rRNA gene (Harmsen et al., 2003) .
Clinical and Demographic data
Study forms for all culture positive cases were sent to the DTLCs to provide information on gender, DOT treatment, health facility, type of patient (new or retreatment), date of sample collection, date of completing treatment and treatment outcomes. All patients included in this study were treated under DOTS strategy.
Ethical Consideration
Medical Research Coordinating Committee of the National Institute for Medical Research provided ethical clearance and the National Tuberculosis Control Programme of the Ministry of Health and Social Welfare gave permission to conduct the study.
Data analysis
Genotypic, clinical and demographic records were entered into the study forms, double entered into EpiData database and analyzed using SPSS version 14 for Windows (SPSS Inc, Chicago, IL, USA). The variables used for treatment outcomes were as classified in the Manual of National Tuberculosis Control (NTLP Manual, 2003) as to whether a patient (i) was 'cured', (ii) 'died during treatment', (iii) was 'interrupted treatment (out of control)', or (iv)was 'transferred out' or 'failed'. The 'cure' outcome is defined as sputum smear positive patient who becomes smear negative at the end of treatment, and on at least one previous occasion. The 'failed' outcome is defined as a patient who remains or becomes smear positive again at 5 months or later. The 'died during treatment' outcome is defined as a patient who dies for any reason during TB treatment. The 'out of control' outcome is defined as a patient who interrupts treatment for two consecutive months or more. 'Transferred out' is defined as a patient who has been transferred to a treatment centre in another region or treatment centre and whose treatment result is not known.
The variable for spoligotype families was recorded into new 10 binomial variables, each variable contained two categories: one for a family of interest and another for the rest of the families regrouped into 'others' category, which was used as a reference category.
The binomial variables including age group, gender and the 10 new variables for spoligotype families were cross tabulated with categorical variables namely zones (Eastern and southern Vs. Lake and northern zone) and TB types (new and relapse cases). The odds ratios with their respective 95% confidence interval, Chi-square tests with their respective p values were recorded. Pearson Chisquare tests were used to measure statistical significance, and in case of differences where a p value was ≤ 0.05, the difference was considered to be statistically significant.
Results
Geographic distribution of isolates
We were able to retrieve information on 446 isolates from 20 regions of the Tanzania mainland and two isolates from Zanzibar (Table 1 and Figure 1 ). The majority (66.8%) of isolates were from four regions: Dar es Salaam (29.8%), Kilimanjaro (18.8%), Mwanza (9.2 %), and Iringa (9.0%), with most from the Eastern and Southern zone (n=253, 56.9%), followed by the Northern zone (n=115, 25.8%), and the Lake Zone (n=77, 17.3%). We did not observe significant differences in the zonal distribution of culture negative stocks when compared with culture positive isolates. 
Comparison of profile and spoligotype families according to zones:
The mean age of patients from the Eastern and Southern zones (mean age 35.1, SD 11.40) was significantly lower (t = 4.99, p =0.001) than those from the Lake and Northern zones (mean age 42.7, SD 13.9) ( Table 3 ). In addition, the proportion of isolates from the younger age group (9-40 years) was higher (71.8%, 148/208) in Eastern and Southern zones than in the Lake and Northern zones (48.3% 56/116), and the proportional difference was statistically significant ( 2 = 17.8, p = 0.001). Comparing the proportion of young patients, aged 9-40 years (71.0%, n = 107) with Dar es Salaam census data (2002 National census data for Dar es Salaam, projection for 2005) for the same age group (62.8%, n = 2721926), we found no statistical difference ( 2 = 3.10, p = 0.078) between the two groups. All Beijing strains (12.1%, 29/239) were isolated from patients coming from the Eastern and Southern zones, of which 80% of the strains were from Dar es Salaam only. We observed proportional difference in the distribution of the CAS and T families, between the Eastern-Southern (46.4% and 11.3% for CAS and T family respectively) and Lake-Northern zones (41.6% and 15.7% for CAS and T family respectively), but proportionately the differences were not statistically different between CAS and T family isolates for the two zones ( 2 : 1.0, p= 0.322 for CAS family; and  2 : 1.7; p= 0.187 for T family). Similarly, the proportions of EAI and LAM families, reported in Northern-Lake zones (13.6% and 24.7%, respectively) were higher as compared to the Eastern and Southern zones (10.5 and 16.3% respectively), but the statistical differences was only observed for LAM family ( 2 : 1.3; p= 0.254 for EAI and  2 : 4.5; p= 0.034 for LAM). 
Comparison of other outcomes among spoligotype families
Overall, resistance to any drug was 15.9% (19/121), and the level of MDR TB was 2.5% (3/121). There were no statistical significant differences for the resistant isolates among the spoligotype families. Out of 228 patients who had complete information on treatment outcomes, 81% of patients were cured, 1.3% completed treatment but not cured, 6.6% interrupted treatment (out of control) and 4.4% were transferred. In addition, 5.3% of patients died during TB treatment, slightly fewer deaths than reported in the NTLP reports (6-10%) (MoH, 2001 (MoH, -2008 . However, this difference was not significant ( 2 = 2.16, p = 0.141) when comparing the proportion of deaths for the year 2007 (7.9%, n =24724) and 2008 (6.3%, n = 24520). 
Discussion
The findings of this study provide an overview of the genetic profile of M. tuberculosis families in relation to geographic distribution, drug resistance patterns and the treatment outcomes for human pulmonary tuberculosis in Tanzania. We report a high diversity of spoligotype patterns with a predominance of the Central Asian (CAS), Latin American Mediterranean (LAM), and East-African Indian (EAI) families. Overall, this pattern is consistent with earlier studies in Dar es Salaam (Eldholm et al., 2006) and in a referral hospital in northern Tanzania (Kibiki et al., 2007) , as well as results from Kenya (Githui et al., 2004) , indicating that the predominance of this group of spoligotypes occurs across a wide geographic scale. The consistency of results also indicates relative temporal stability of this pattern, as isolates from this study were collected over a much longer time period (7 years) than previous studies. The LAM family has also been reported to predominate in Zimbabwe and Zambia (Easterbrook et al., 2004; Chihota et al., 2007) . In contrast, one study in Kampala, Uganda showed predominance of the T2 family (Asiimwe et al., 2008) . In this study, the T2 family is also reported, and although the prevalence recorded here (8.8%) is lower than the Kampala study (Asiimwe et al., 2008) , similar prevalence have been reported in Kenya (11%) (Githui et al., 2004) . Within the three dominant families, slightly zonal variation was observed without any statistical significance, which is suggestive of localised epidemics. Similar trends have been observed in other African countries where local genotypes tend to form a greater proportion of the circulating strains (Kallenius et al., 1999; Niobe-Eyangoh et al., 2004; Easterbrook et al., 2004; Chihota et al., 2007) . In recent findings, a study showed that different strains of M. tuberculosis have adapted to specific human populations and such strains have a higher probability of transmission than others (Gagneux et al., 2006; Gagneux & Small, 2007; Hanekom et al. 2008) .
The occurrence of EAI and LAM families is consistent with earlier studies in Tanzania (Kibiki et al., 2007) , and suggests that the TB epidemic could reflects an ancient lineage as EAI is considered to be the oldest TB lineage (Wirth et al., 2008) . The most common ancestor of the bacterial complex emerged some 40,000 years ago from its progenitor in East Africa; it is believed that the modern human population disseminated from the region around the same time (Wirth et al., 2008) .
As expected, Dar es Salaam contributed significantly to all main families we reported, reflecting high connectivity, both nationally and internationally. In particular, many people come to Dar es Salaam to seek better medical services, thus the isolates from the Dar es Salaam referral facilities are likely to represent spoligotypes from across the country.
Our study reported the Beijing family in about 7.0% of isolates, which is higher than that reported previously (Eldholm et al., 2006; Kibiki et al., 2007) . The contribution of the Beijing family reported varies widely across East African sites, from 1.2% to 8.3% (Asiimwe et al., 2008; Githui et al., 2004; Glynn et al., 2005) , but the family is dominant in most Asian countries, and South Africa (van Soolingen et al., 1995; Glynn et al., 2005) . From the fact that all patients from whom the Beijing family were isolated, originated from eastern and southern Tanzania, this may reflect the influence of increasing international trade in the area, especially in recent years China and India both have a long history of trade and investment with modern-day Africa, particularly in East Africa, where there are significant expatriate Asian communities. However, the exact reasons and evidence are uncertain, and this warrant further studies such as monitoring trends of Beijing family and its transmission dynamics, using genetic markers.
The CAS family strains, which were reported more frequently in eastern and southern Tanzania, are predominant in Central and Middle Eastern Asia (Filliol et al., 2002) . This is likely to reflect the influence of Asian traders in this part of Tanzania over many centuries (Broadman et al., 2007) as well as the fact that the zone is the driver of TB epidemic in the country. Even though not statistical difference was observed but reason for more frequently reported isolates from relapse cases in eastern and southern zone including Dar es Salaam, Iringa, Mwanza and Kilimanjaro regions could be due to high burden of TB cases reported in the zone and the mentioned regions than in rest part of the country (NTLP annual reports, 2005 (NTLP annual reports, -2007 . The Beijing and LAM families were more often reported in new smear positive than in relapse TB cases. This could indicate recent introduction and transmission, while predominance of the CAS family in retreatment cases could be due to its longterm establishment in the epidemic.
Regarding treatment outcomes, the proportion of patients who died during treatment, and the proportion that were cured, is consistent with proportions reported in NTLP reports (MoH, 2005 (MoH, -2007 . It is worth noting that the vast majority of isolates, including those from CAS and Beijing families, and from re-treatment cases, had favourable treatment outcomes. The finding of two out of three isolates of MDR TB in the CAS family calls for further studies on a possible association between MDR TB and the CAS family, particularly given that MDR TB isolates were also reported in the CAS family in Kenya (Githui et al., 2004) . However, it should be noted that the level of MDR TB in our study was very low (2.5%). All three MDR TB isolates were from retreatment cases. Overall, the level of MDR TB in our study does not differ much from the national levels, established by routine surveillance (1.0% in new and 2.2% in retreatment cases) and by recent country wide drug resistance survey (1.2% of MDR TB in new cases and 3.1% in re-treatment cases), which are low levels of drug resistance (MoH, 2007; Chonde et al., 2010) .
The Beijing family is thought to be hyper-virulent and to have a high probability of developing drug resistance . However, we failed to demonstrate any of these characteristics among the Beijing strains identified in Tanzania. Similar findings of relatively low drug resistance were reported for the Beijing genotype strains identified in northern Tanzania (Kibiki et al., 2007) , Uganda, Malawi and Indonesia (van Crevel et al., 2001; Glynn et al., 2005; Asiimwe et al., 2008) . These findings suggest that the spoligotype families in Tanzania might not affect treatment outcomes and drug resistance, and hence provide no evidence for changing current TB treatment protocols.
The finding of isolates that were not classified as M. tuberculosis complex raises concern especially when considering that these specimens were from pulmonary disease, in HIV endemic country. Many questions remain to be addressed about the impact of these isolates and consequences for treatment. The treatment outcomes for these isolates were not available due to the limitations of a retrospective design and ineffective record keeping. Furthermore, potential zoonotic transmission need to be considered since there is evidence that the same species of nontuberculous mycobacteria have been isolated from human lymph nodes in extra pulmonary TB cases (Mfinanga et al., 2004) , milk and tissue specimens taken from cattle and wild animals (DFID, 2002; Kazwala et al, 1998) . More studies are needed to examine the impact and implications of nontuberculous mycobacteria, especially in HIV-positive patients.
The geographic representation of samples from this study is somewhat consistent with current patterns of TB notification in the country, where the highest incidence of diseases occurs in Eastern and Southern Tanzania (with higher contribution of almost one quarter from Dar es Salaam), 7% from Mwanza and 7% from Iringa (MoH, 2007) . Results from this study are therefore likely to be broadly representative of TB cases in Tanzania. In support of this, our findings compare well with national data on regional and national proportions of TB case notification, treatment outcomes, and drug resistance levels. However, caution needs to be taken in extrapolating findings to the general population in the country, as this was not a random community population-based study, but an analysis of samples collected through the routine drug resistance surveillance system. As such, biases could invariably arise through variation among clinics in how samples are collected and cultured. For example, the high proportion of culture negative and contaminated samples might explain the absence of M. bovis in our study findings. Previous studies reporting M. bovis as a cause of human extra-pulmonary tuberculosis have focussed on rural populations (Kazwala et al., 2001; Mfinanga et al., 2004) , whereas this study is likely to be biased towards urban communities with greater access to diagnostic facilities. A targeted study addressing the question of M. bovis as a cause of human pulmonary TB, particularly in rural communities, is still needed.
In conclusion, a diverse range of spoligotype families was found from all zones of the country. The most common families were Central Asian (CAS) (40.9%), the Latin American Mediterranean (LAM) (18%), and the East-African Indian families (EAI) (11.5%), with the Beijing family found in about 7% of the isolates. Dar es Salaam contributed significantly to all main reported families. All patients infected with M. tuberculosis from the Beijing family were from eastern and southern Tanzania with 80% of these cases reported from Dar es Salaam. There was no evidence that drug resistance and treatment outcomes were associated with spoligotype families.
